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Electron Spectral Distributions and LET

When monoenergetic photons interact with a tissue medium, the elec-
trons that are set in motion, particularly from the Compton process, pro-
ceed to interact with the atoms and molecules of the medium, losing energy
through collisions and excitations, and are scattered in the process. The
result is a complex shower of electrons, the energy distribution of which is
continuously degraded as the electrons give up their energy to the medium
at a rate defined by the electron stopping power of the medium. As the
electron proceeds through tissue, it creates a track of excited and ionized
molecules that, for energetic electrons, are relatively far apart. For exam-
ple, the dimension of this spacing is such that there is a finite probability
that the energetic electron can pass through a DNA molecule, with about
3 nm separating the two strands, without releasing any of its energy and
therefore without causing damage. The spatial energy distribution, stated
in terms of the amount of energy deposited per unit length of particle
track, is defined as the linear energy transfer (LET) of the radiation. X rays
and gamma rays set in motion electrons with a relatively low spatial rate of
energy loss and thus are considered low LET radiations. The photon and
electron energy degradation processes described above result in a broad
distribution of LET values occurring in irradiated tissue. A typical value
of LET for the electrons set in motion by cobalt-60 gamma rays (average
energy 1.25 MeV) would be about 0.25 keV/^m. This can be contrasted
with a densely ionizing 2 MeV alpha particle which produces about 1000
times more ionization per unit distance, 250 keV//im. Such particles are
characterized as high LET radiation. Knowledge of LET is important when
considering the relative biological effectiveness (RBE) of a given radiation;
LET is commonly used as a measure of radiation quality, as discussed
below.

Microdosimetry

Various limitations in the concept of LET and absorbed dose in sub-
cellular tissue volumes led to the introduction of microdosimetry. Mi-
crodosimetry takes account of the fact that energy deposition by ionizing
radiations is a stochastic (random) process. Identical particles of the same
energy interacting in a small volume of material deposit differing amounts
of energy due to chance alone. The specific energy, z, is defined as the
ratio c/m where e is the energy imparted by a single ionizing particle in
a volume element of mass m. The mean value of z for a large number
of particles is equal to the absorbed dose. The microdosimetric analogue
to LET is the quantity lineal energy, defined as e/d, where d is the mean
chord length in the volume occupied by mass m. Distributions of absorbed
dose in terms of lineal energy can be measured by proportional counters